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NON-CASCADING CHARGE PUMP CIRCUIT AND METHOD 

TECHNICAL FIELD 

This invention relates to integrated circuit charge pumps, and, more 
particularly, to a charge pump that is able to generate an output voltage having a 
5 magnitude that is significantly greater than the magnitude of a supply voltage without 
using multiple charge pump stages that are sequentially coupled to each other in a 
cascading typography. 

BACKGROUND OF THE INVENTION 

Charge pumps are well know circuits that are used to generate a 

10 "pumped voltage" that having a magnitude that is larger than the magnitude of a supply 
voltage. Normally the supply voltage is used to power most of the circuits in an 
integrated circuit, and the pumped voltage is used to power a relatively few of the 
circuits in the integrated circuit. For example, pumped voltages are commonly used to 
supply power to word line drivers and output buffers in integrated circuit dynamic 

15 random access memory ("DRAM") devices, although the remaining circuitry in the 
DRAM is powered by a supply voltage. When used to power word line drivers and 
output buffers, the pumped voltage allows NMOS transistors in those circuits to pass 
the full magnitude of the supply voltage. Charge pumps are also used to generate 
voltages that have a polarity that is opposite the polarity of a supply voltage. For 

20 example, in a DRAM device powered by a positive supply voltage, a charge pump is 
often used to generate a negative voltage that is used to negatively bias either the 
substrate of the integrated circuit or a well fabricated in the integrated circuit. Biasing 
the substrate or well negatively reduces the leakage current of NMOS transistors in their 
OFF condition. 

25 The principle of operation of conventional charge pumps is illustrated in 

Figures 1A and IB. As shown in Figure 1 A, a capacitor 10 has first and second plates 
12, 14, respectively, separated from each other by a dielectric. The first plate 12 of the 
capacitor 10 is coupled to suitable circuitry (not shown) that drives the first plate to a 
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relatively low voltage, such as 0 volts, in a phase of operation. The second plate 14 of 
the capacitor 10 is also coupled to suitable circuitry (not shown) that charges the 
capacitor 10 in the first phase so that the voltage on the second plate 14 rises to a 
suitable voltage, such as the supply voltage Vcc- 
5 In a second phase of operation, the circuitry (not shown) coupled to the 

second plate 14 drives the second plate 14 to a suitable voltage, such as V<x> as shown 
in Figure IB. As a result, the voltage of the first plate 12 increases to twice Vcc- This 
voltage 2 V C c on the second plate is then coupled to an output node 20 through a 
suitable switching device, which is normally an NMOS transistor 22. The NMOS 

10 transistor 22 is normally turned ON to couple the plate 14 to the output node 20 by 
coupling the gate and drain of the transistor 22 to each other in a diode-coupled 
arrangement. As is well known in the art, a voltage coupled through a diode coupled 
transistor is reduced by a threshold voltage V T , which is typically about 0.7 volts. Thus, 
in practice, the pumped voltage applied to the output node 20 is 2Vcc-Vt- 

15 The circuitry shown in Figure IB is known as a "charge pump stage," 

and, as explained above, it is able to generated a pumped voltage of 2Vcc-Vt- A single 
charge pump stage shown in Figures 1A and IB is suitable in some applications. 
However, in many applications, a pumped voltage having a magnitude greater than 
2V C c-V T is required. This larger voltage can be provided by coupling multiple charge 

20 pump stages of the type shown in Figures 1 A and IB to each other in a "cascading" 
topography in which the pumped voltage from each charge pump stages is boosted by 
the subsequent charge pump stage. For example, in a three-stage charge pump, the 
first stage increases a supply voltage V C c to 2V C c-Vt, as previously explained, the 
second stage increases that voltage to 3V C c-2V T , and the third stage increases that 

25 voltage to 4V C c-3V T . For a typical V C c of 3 volts and a typical V T of 0.7 volts, the 
three-stage charge pump can produce a pumped voltage of 9.9 volts ((4*3)-(3*0.7)). 

Although a multiple stage charge pump can produce relatively large 
voltages, it does so at the price of very poor efficiency. As is well known in the art, the 
efficiency "E" of a multiple stage charge pump is given by the formula E=1/(N+1), 

30 where "N" is the number of stages in the charge pump. The efficiency of a one-stage 
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charge pump is thus 50%, the efficiency of a two-stage charge pump is 33%, the 
efficiency of a three-stage charge pump is 25%, etc. While this relatively low efficiency 
is acceptable in some applications, it can be a substantial problem in many other 
applications. For example, in battery-powered portable devices, such as notebook 
5 personal computers, the inefficiency of multiple-stage charge pumps can significantly 
reduce the time the devices can be used before a battery recharge is needed. 

There is therefore a need for a charge pump circuit and method that can 
produce a pumped voltage greater than can be achieved with a single stage charge pump 
with significantly higher efficiencies than can be achieved with multiple-stage charge 
10 pumps. 

SUMMARY OF THE INVENTION 

A charge pump and method comprises a plurality of capacitors each 
having a first terminal coupled to a pumped node. A charging circuit charges all of the 
capacitors through the pumped node while a second terminal of each of the capacitors is 

15 held at a first voltage. A pumping circuit coupled to the second terminal of each of the 
capacitors sequentially changes the voltage at the second terminal of each capacitor 
from the first voltage to a second voltage. Afterward, an isolation circuit isolates the 
second terminal of that capacitor before the pumping circuit for a subsequent capacitor 
changes the voltage at the second terminal of that capacitor from the first voltage to the 

20 second voltage. When the pumping circuit for a final capacitor has changed the voltage 
at the second terminal of the capacitor from the first voltage to the second voltage, an 
output circuit couples the pumped node to an output terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB are schematic diagrams of a conventional single-stage 

25 charge pump. 

Figure 2 is a schematic and logic diagram of a charge pump according to 
one embodiment of the present invention. 
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Figures 3A-3E are schematic diagrams illustrating the operation of the 
charge pump of Figure 2 at various phases of operation. 

Figure 4 is a timing diagram showing the voltages present at various 
nodes in the charge pump of Figure 2. 
5 Figure 5 is a schematic and logic diagram of a charge pump according to 

another embodiment of the present invention. 

Figure 6 is a schematic diagram of a level translator circuit that can be 
used in the charge pump of Figure 5. 

Figure 7 is a block diagram of a memory device using the charge pump 
10 of Figures 2 or 5 or some other embodiment of the invention. 

Figure 8 is a block diagram of a computer system using the memory 
device of Figure 7. 

DETAILED DESCRIPTION OF THE INVENTION 

One embodiment of a charge pump 30 according to one embodiment of 

15 the invention is shown in Figure 2. The charge pump 30 operates on the principle of 
initially charging a plurality of capacitors, and then sequentially pumping each of them 
to increase the voltage at the junction between the capacitors, which serves as an output 
node. After each capacitor is pumped, it is isolated so that the next capacitor in the 
sequence so that the next capacitor in the sequence can be pumped to further increase r 

20 the voltage at the output node. 

With reference to Figure 2, the charge pump 30 includes first and second 
capacitors 32, 34, which are in the form of respective NMOS transistors having their 
gate acting as one capacitor plate 36, 38, respectively, and their sources and drains 
coupled to each other to act as the other capacitor plate 40, 42, respectively. However, * 

25 it will be understood that discrete capacitors or other capacitive devices can also be | 
used. The capacitor plates 36, 38 are coupled to a common node 44. The node 44 is ) 
also coupled to V C c through an NMOS transistor 50, through which current flows is S 
used to charge the capacitors 32, 34. Also coupled to the node 44 is an output NMOS 
transistor 54, which is used to couple the node 44 to a pumped voltage output terminal ^ 
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Vccp- The gates of the transistors 50, 54 are coupled to V C c through respective NMOS 
transistors 60, 64, which are cross-coupled so that V C c is coupled to the gate of only one 
of the transistors 50, 54. The gate of the transistor 50 is also coupled to V C c through a 
diode-coupled NMOS transistor 66, which is used at power-up to bias the gate to V C c- 
5 V T . Finally, the gates of the transistors 50, 54 are coupled through respective capacitors 
70, 74 to respective signals S1S1, S2S2. As will be explained below, the capacitors 70, 
74 are used to selectively pump the gates of the transistors 50, 54 to a voltage in excess 
of V C c so that the transistors 50, 54 can pass a voltage having a magnitude of greater 
than V C c to the node 44 and the output terminal V C cp, respectively. 

10 The other plates 40, 42 of the capacitors 32, 34 are coupled to respective 

pairs of inverters 80, 82 and 86, 88 by respective NMOS transistors 90, 92. Each of the 
80, 82 and 86, 88 is driven by a respective signal S3S3 and S4S4. The gates of the 
transistors 90, 92 are coupled to V C c through respective cross-coupled NMOS 
transistors 96, 98 so that V C c is coupled to the date of only one of the transistors 90, 92 

15 at a time. The gates of the transistors 90, 92 are also coupled through respective 
capacitors 100, 102 to respective signals S5S5, S6S6. Finally, the gate of the transistor 
90 is coupled to V C c through a diode-coupled NMOS transistor 108, which is used at 
power-up to bias the gate to Vcc-Vy. As described in greater detail below, the above- 
described circuitry that is coupled to the plates 40, 42 of the capacitors 32, 34 is used to 

20 selectively pump the plates 40, 42 of the capacitors 32, 34 to a relatively high voltage. 
This circuitry, in turn, includes charge pump circuits that are used to pump the voltage 
applied to the gates of the transistors 90, 92 to sufficient levels that the transistors 90, 
92 can pass voltages of at least V C c. This is accomplished by selectively turning ON 
the transistors 96, 98 to charge the capacitors 100, 102 to voltages at or near V C c so that 

25 when the S5 and S6 signals transition to V C c> the voltage applied to the gates of the 
transistors 90, 92 will be well above V C c 

The charge pump 30 also includes a logic circuit 116 driven by an 
oscillator 1 18 for generating the S2, SI, S5, S3, S6 and S4 signals. The design the logic 
circuit will be apparent to one skilled in the art. For example, the logic circuit 116 

30 could include a counter (not shown) incremented by a periodic signal from the oscillator 
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1 1 8, and logic gates (not shown) decoding respective counts of the counter at the times 
T 0 -T 8 where the above signals transition. Other designs will be apparent to one skilled 
in the art. 

The operation of the charge pump 30 shown in Figure 2 will now be 
5 explained with reference to the circuit schematic diagrams shown in Figures 3A-3E and 
the timing diagram of Figures 4. With reference to Figures 2 and 4, prior to power-up, 
both capacitors 32, 34 are discharged and although their plates 36, 40 and 38, 42 are 
zero volts. At power-up, the supply voltage V C c less the threshold voltage (i.e., V C c- 
V T ) is applied through the diode-coupled transistor 66 to turn ON the NMOS charging 

10 transistor 50, which charges the capacitors 32, 34 to V C c-2V T . The voltage coupled 
through the transistor 66 also charges the capacitor 70 to Vcc-Yt, and turns ON the 
cross-coupled NMOS transistor 64, which charges the capacitor 74 to Vcc-2V T . At 
power-up, Vcc-Vj is also coupled through the diode-coupled transistor 108 to turn ON 
the transistor 90 and the cross-coupled NMOS transistor 98. The transistor 98 then 

15 couples Vcc-Vj to the gate of the transistor 92 to turn it ON. Since S3 and S4 are high 
(which is assumed to be Vcc), the lower plate 40 of the capacitor 32is charged to Vcc- 
2V T , and the lower plate 42 of the capacitor 34 is charged to V C c-3V T . 

At time To, the S2 signal transitions low to ensure that the cross-coupled 
NMOS transistor 60 is turned OFF. At T h the SI signal transitions high to increase the 

20 voltage on the gate of the charging transistor 50 to well above V C c« The charging 
transistor 50 is therefore able to couple the fiill supply voltage V C c to the capacitors 32, 
34 to charge them to that voltage. The gate of the cross-coupled transistor 64 is also 
driven substantially above V C c to turn ON the transistor 64 sufficiently to charge the 
capacitor 74 to V C c- The gate of the output transistor 54 is therefore turned OFF to 

25 isolate the capacitors 32, 34 from the V C cp output terminal. Also occurring at T| are the 
transitions of the S3 and S4 signals low. Since, the transistors 90, 92 have been turned 
ON as previously explained, the lower plates 40, 42 of the capacitors 32, 34, 
respectively, are driven to ground potential. At this time, the capacitors 32, 34 are 
charged to the voltages shown in Figure 3A. 



At time T 2 , the SI signal transitions low to turn OFF the charging 
transistor 50, which terminates charging of the capacitors 32, 34. 

At time T 3 , the S5 signal transitions high to turn ON the transistor 90 to 
maintain the plate 40 of the capacitor 32 at ground, and the S6 signal transitions low to 
5 turn OFF the transistor 92 and isolate the plate 42 of the capacitor 34 from ground. The 
high S5 signal also maintains the transistor 98 ON, which, in turn, holds the gate of the 
transistor 92 at V C c to charge a capacitor 102 to V C c. A short time later at T 4 , the S3 
signal transitions high to apply V C c to the drain of the NMOS transistor 90. As 
previously explained, since the capacitor 100 has been charged to V C c though the 

10 transistor 98, the high transition of the S5 signal coupled through the capacitor 100 
causes the voltage on the gate of the transistor 90 to rise to well above Vcc- Therefore, 
the voltage on the plate 40 of the capacitor 32 increases to Vcc. If the capacitor 32 was 
not coupled to the node 44, the voltage on the plate 36 of the capacitor would increase 
to 2 Vcc- However, since the charge on the capacitor 32 is shared by the capacitor 34, 

15 the capacitors 32, 34 are charged to 1.5 V C c> as shown in Figure 3B, assuming the 
capacitors 32, 34 have equal capacitance. 

At time T5, the S5 signal transitions low to turn OFF the transistor 90, 
which then isolates the plate 40 of the capacitor 32. At this time, the capacitors 32, 34 
are charged to the voltages shown in Figure 3C. The low transition of the S5 signal also 

20 turns OFF the transistor 98 to isolate the gate of the transistor 92 from VCC. 

When the S6 transitions high at T6, this transition is coupled through the 
capacitor 102 to the gate of the transistor 96, thereby turning on the transistor 96. The 
capacitor 100 is then charged to a voltage substantially equal to Vcc through the 
transistor 96. The high transition of S6 is also coupled to the gate of the transistor 92 so 

25 that the voltage at the gate increases to well above V C c since, as previously explained, 
the capacitor 102 has been charged to V C c through the transistor 98. As a result, the 
transistor 92 is turned ON. A short time later, the S4 signal transitions high, thereby 
causing the output of the inverter 88 to transition high. The voltage on the plate 42 of 
the capacitor 92 therefore increases from ground to Vcc- Since the plate 40 of the 

30 capacitor 32 is now floating, the charge on the capacitor 34 is not shared with the 
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capacitor 32. Therefore, the voltage at the node 44 increases to 2.5 Vcc, as shown in 
Figure 3D. The charge pump 30 is thus able to generate 2.5 V C c with a single charge 
pump stage, which is an accomplishment that has been heretofore not possible. It 
should be noted that, unlike the capacitor 32, it is not necessary to isolate the capacitor 
5 34 from a voltage source at any time. 

At time T 7 , the S2 signal increases. Since the capacitor 74 has been 
charged to V C c, the increase in the S2 signal causes the voltage at the drain of the output 
transistor 54 to rise to 2Vcc- As a result, the transistor 54 is able to couple the capacitor 
34 to the Vccp terminal as long as the voltage on the V C cp terminal is less than 2V C c- 

10 Vt, as shown in Figure 3E. The capacitor then discharges to the V C cp terminal, as 
shown in Figure 4. 

Finally, at time T 8 , the S2 signal transitions low to turn OFF the output 
transistor 54 and isolate the V C cp terminal from the node 44. The previously described 
cycle then repeats itself to again pump the node 44 to 2.5Vcc- 

15 Although the charge pump 30 uses two capacitors 30, 32, it should be 

understood that a greater number of capacitors can be used to increase the pumped 
voltage without the additional cost of isolation transistors between capacitors. For 
example, if three capacitors of equal capacitance were used, when the first capacitor 
was pumped up, the charge would be shared by the two other capacitors so the pumped 

20 voltage would increase to 1.33 Vcc- When the second capacitor was pumped up, the 
charge would be shared by the one remaining capacitor so the pumped voltage would 
increase to 1.83 Vcc Finally, when the last capacitor was pumped up, the pumped 
voltage would increase to 2.83 V C c- Note that the final pumped voltage for a given 
number of capacitors can also be adjusted by adjusting the capacitance of the capacitors. 

25 For example, if the first capacitor had a capacitance of C, the second capacitor had a 
capacitance of 0.5C, and the third capacitor had a capacitance of 0.25C, the final 
pumped voltage would be higher than 2.83V C c- More specifically, when the first 
capacitor was pumped up, the charge on the capacitor with C capacitance would be 
shared by the two other capacitors with a total capacitance of 0.75C. As a result, so the 

30 pumped voltage would increase to 1.57 V C c. When the second capacitor was pumped 



up, the charge on the capacitance of 0.5C would be shared by the one remaining 
capacitor with a capacitance of 0.25C so the pumped voltage would increase to 2.23 
V C c. Finally, when the last capacitor was pumped up, the pumped voltage would 
increase to 3.23V C c- Although the final pumped voltage in this embodiment is 
5 substantially higher than the pumped voltage of 2.5V C c obtained using three equally 
sized capacitors, using a smaller capacitor as the final capacitor reduces the current 
driving capacity of the charge pump. 

As explained above with reference to Figure 2, although the node 44 is 
charged to 2.5Vcc, the charge pump circuit 30 is only able to output a voltage of 2Vcc- 

10 V T because the voltage at the gate of the transistor 54 increases only to 2V C c when the 
S2 signal transitions high. A charge pump 120 that allows the full magnitude of the 
voltage developed at the node 44 to be coupled to the V C cp terminal is shown in Figure 
5. The charge pump 120 uses the same components used in the charge pump 30 of 
Figure 2, and they have been provided with the same reference numerals. However, the 

15 charge pump 120 of Figure 5 . uses voltage level translators 124, 126, as shown in Figure 
5. The voltage level translators 124, 126 output a voltage of zero volts when the SI and 
' S2 signals are at zero volts. However, when the SI and S2 signals are at V C c 3 the level 
translators 124, 126 output a voltage of at least 2.5V C c+V T so that the output transistor 
54 can pass the 2.5V C c voltage on the node 44 to the V C cp terminal 

20 One embodiment of the voltage level translators is shown in Figure 6. 

The voltage level translator 130 includes an input NMOS transistor 134 coupled to 
receive the SI or S2 signals (shown as a "CP" signal). The CP signal is also applied to 
an inverter formed by a PMOS transistor 136 and an NMOS transistor 138. The output 
of this inverter is applied to the gate of an NMOS output transistor 140. The drains of 

25 the NMOS transistors 134, 140 are coupled to the drains of respective cross-coupled 
PMOS transistors 144, 146. Significantly, the sources of the PMOS transistors 144, 146 
are coupled to the V C cp node, which eventually reaches a level of 2.5 V C o 

In operation, when the CP signal is at zero volts, the NMOS transistors 
234, 138 coupled to the CP signal are turned OFF, and the PMOS transistor 136 

30 coupled to the CP signal is turned ON. As a result, the NMOS output transistor 140 is 
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turned ON to drive the CPX output to zero volts, which turns ON the PMOS transistor 
144. The PMOS transistor 144 then couples V C cp to the gate of the PMOS transistor 
146 to turn the transistor 146 OFF. Therefore, when the CP signal is at zero volts, the 
CPX signal is also at zero volts. 
5 When the CP signal is at V cc , the NMOS transistor 134 is turned ON, 

which drives the gate of the P MOS jr ansistor 146 low to turn ON the transistor 146. 
The transistor 146 then couplesW C cp-^to the CPX output, which also turns OFF the 
PMOS transistor 144. The high CP signal also turns ON the NMOS transistor 138 and 
turns OFF the PMOS transistor 136, which, in turn, turns OFF the output NMOS 
10 . transistor 140. Therefore, when the CP signal is at V C c> the CPX signal is at V C cp. It 
should be noted that if the magnitude of V C cp decreases from 2.5 V C c as the capacitor 34 
is discharged, the CPX signal will still maintain the output transistor 54 (Figure 5) ON. 
Since the capacitor 74 is charged to V C c before S2 transitions to V C cp, the gate of the 
output transistor 54 will be at V C c+V C cp. This voltage of V C c+V C cp will always be 
1 5 greater than V C cp-V t to pass the. full magnitude of the voltage on the node 44. 

One embodiment of a memory device using one or more of the charge 
pumps 30, 120 or some other embodiment of the invention is shown in Figure 7. The 
memory device illustrated therein is a synchronous dynamic random access memory 
("SDRAM") 200, although the invention can be embodied in other types of 
20 synchronous DRAMs, such as packetized DRAMs and RAMBUS DRAMs 
(RDRAMS"), as well as other types of digital devices. The SDRAM 200 includes an 
address register 212 that receives either a row. address or a column address on an 
address bus 214. The address bus 214 is generally coupled to a memory controller (not 
shown in Figure 7). Typically, a row address is initially received by the address register 
25 212 and applied to a row address multiplexer 218. The row address multiplexer 218 
couples the row address to a number of components associated with either of two 
memory arrays 220, 222 depending upon the state of a bank address bit forming part of 
the row address. 

Associated with each of the memory arrays 220, 222 is a respective row 
30 address latch 226, which stores the row address, and a row decoder 228, which applies 
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various signals to its respective array 220 or 222 as a function of the stored row address. 
These signals include word line voltages that activate respective rows of memory cells 
in the memory arrays 220, 222. The row decoders 228 are each coupled to one of the 
charge pumps 30, 120 to receive a voltage significantly greater than V C c. The row 
5 decoder 228 is therefore able to generate word line voltages having a sufficient 
magnitude to couple Vcc to memory cell capacitors in the memory arrays 220, 222. The 
row address multiplexer 218 also couples row addresses to the row address latches 226 
for the purpose of refreshing the memory cells in the arrays 220, 222. The row 
addresses are generated for refresh purposes by a refresh counter 230, which is 

1 0 controlled by a refresh controller 232. 

After the row address has been applied to the address register 212 and 
stored in one of the row address latches 226, a column address is applied to the address 
register 212. The address register 212 couples the column address to a column address 
latch 240. Depending on the operating mode of the SDRAM 200, the column address is 

1 5 either coupled through a burst counter 242 to a column address buffer 244, or to the 
burst counter 242 which applies a sequence of column addresses to the column address 
buffer 244 starting at the column address output by the address register 212. In either 
case, the column address buffer 244 applies a column address to a column decoder 248 
which applies various signals to respective sense amplifiers and associated column 

20 circuitry 250, 252 for the respective arrays 220, 222. The substrates of the arrays 220, 
222 are coupled to one of the charge pumps 30, 120 to receive a negative voltage V B b- 
As is well known in the art, biasing the substrate to a negative voltage reduces the 
leakage current through access transistors in the memory arrays 220, 222. The charge 
pumps 30, 120 shown in Figures 2 and 5, respectively, can generate a negative voltage 

25 by either using a negative voltage for V C c and substituting PMOS transistors for NMOS 
transistors and vice-versa, or altering the circuitry shown in Figures 2 and 5. For 
example, circuitry could easily be devised to ground the node 44 and coupled the plate 
42 of the capacitor to the V C cp terminal to discharge the capacitor 42. 

Data to be read from one of the arrays 220, 222 is coupled to the column 

30 circuitry 250, 252 for one of the arrays 220, 222, respectively. The data is then coupled 
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through a read data path 254 to a data output register 256, which applies the data to a 
data bus 258. The data output register 256 is powered by one of the charge pumps 30, 
120 to receive a voltage significantly greater than V C c- The data output register 256 is 
therefore able to use an NMOS transistor (not shown) to couple Vcc to the data bus 258 
5 since a voltage of at least V C c+V T can be applied to the gate of the output transistor. 

Data to be written to one of the arrays 220, 222 is coupled from the data 
bus 258 through a data input register 260 and a write data path 262 to the column 
circuitry 250, 252 where it is transferred to one of the arrays 220, 222, respectively. A 
mask register 264 may be used to selectively alter the flow of data into and out of the 
10 column circuitry 250, 252, such as by selectively masking data to be read from the 
arrays 220, 222. 

The above-described operation of the SDRAM 200 is controlled by a 
command decoder 268 responsive to command signals received on a control bus 270. 
These high level command signals, which are typically generated by a memory 

1 5 controller (not shown in Figure 6), are a clock enable signal CKE*, a clock signal CLK, 
a chip select signal CS*, a write enable signal WE*, a row address strobe signal RAS*, 
and a column address strobe signal CAS*, which the "*" designating the signal as active 
low. Various combinations of these signals are registered as respective commands, 
such as a read command or a write command. The command decoder 268 generates a 

20 sequence of control signals responsive to the command signals to carry out the function 
(e.g., a read or a write) designated by each of the command signals. These command 
signals, and the manner in which they accomplish their respective functions, are 
conventional. Therefore, in the interest of brevity, a further explanation of these control 
signals will be omitted. 

25 Figure 8 shows a computer system 300 containing the SDRAM 200 of 

Figure 7. The computer system 300 includes a processor 302 for performing various 
computing functions, such as executing specific software to perform specific 
calculations or tasks. The processor 302 includes a processor bus 304 that normally 
includes an address bus, a control bus, and a data bus. In addition, the computer system 

30 300 includes one or more input devices 314, such as a keyboard or a mouse, coupled to 
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the processor 302 to allow an operator to interface with the computer system 300. 
Typically, the computer system 300 also includes one or more output devices 316 
coupled to the processor 302, such output devices typically being a printer or a video 
terminal. One or more data storage devices 318 are also typically coupled to the 
5 processor 302 to allow the processor 302 to store data in or retrieve data from internal 
or external storage media (not shown). Examples of typical storage devices 318 include 
hard and floppy disks, tape cassettes, and compact disk read-only memories (CD- 
ROMs). The processor 302 is also typically coupled to cache memory 326, which is 
usually static random access memory ("SRAM"), and to the SDRAM 200 through a 

10 memory controller 330. The memory controller 330 normally includes a control bus 
336 and an address bus 338 that are coupled to the SDRAM 200. A data bus 340 is 
coupled from the SDRAM 200 to the processor bus 304 either directly (as shown), 
through the memory controller 330, or by some other means. 

From the foregoing it will be appreciated that, although specific 

15 embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating from the spirit and scope of the 
invention. For example, charge pumps according to the invention can use any number 
of capacitors with any desired capacitances relative to each other. Also, memory 
devices can use various embodiments of the invention charge pump to power 

20 components other than the memory array substrate, the row decoder and the data output 
register. Accordingly, the invention is not limited except as by the appended claims. 



